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Description 

BACKGROUND OF THE INVeNTtON 
Field of the Invention 

(0001] This invention relates to a plaie making device 
for a general light printer, particularly to an oHset printer, 
which tacilitales making a printing plate and makes it 
feasible to repeatedly recycle and reuse the printing 
plate. This invention further relates to a printer artd a 
priming system using such a plate making device. 

pt^nriotion o flhe Related Art 

(0002) Oflset printing has been in wide use among 
others due to its simple plate making step. This printing 
method is based on immiscitslity of oil and water, and oil 
material, i.e.. ink. and fourvjation solution are selectively 
held in an imaged region and a non-imaged region, 
respectively. When a printing medium is brought into 
contact with the surtace o* the plate directly or by way of 
an intermediate member called a blanket, the ink on the 
imaged region is transferred to the printing medium, 
whereby printing is effected. 

[0003] A prevailing method of the offset printing 
involves use of a PS plate which comprises an alumi- 
num base plate and a diazo phoiosensHive layer formed 
on the base plate In the PS plate, the surface of the alu- 
minum base plate is subjected to sand dressing, ano- 
dizing and other steps in order to enhance ink 
receptivity ol the imaged region and ink repellency of 
(he non-imaged region, to increase durability agairst 
repeated printing and to increase fineness of the print- 
ing plate. An image to be printed is formed on the sur- 
face of the PS plate thus processed. Accordingly, the 
offset printing is excellent in durability against repeated 
printing and fineness in the printing plate as well as sim- 
plicity. 

[0004] However as the printed matter spreads wider, 
there arises a demand for sirrpler offset printing and 
there have been proposed various simple printers. 
(0005] The typical examples. of such simple printers 
include printers in which a printing plate is made by use 
ol a silver sad diffusion transfer method such as a 'Cop- 
yrapid' offset printer available from "Agfa-Gevaer*. a 
printer disclosed for instance in Japanese Unexamined 
Patent Publication No 7{l9g5)-5635l . and the like. In 
such printers, a transfer image can be formed in one 
step on a plate material and since the transfer image is 
lipophilic, the plate can be used as a priming plate as it 
is However since even such printers require a diffusion 
transfer development step using an alkali developing 
solution, there is a demarxl tor further simpler printer 
which requires no developing step by a developing solu- 
tion, 

[0006] Thus there have been made attempts to realize 
a simple priming plate which requires no developing 



step by an alkali developing solution. In the held ol the 
sirrple printing plaie. which is called a non-processed 
printing plate since it omits necessity ol a developing 
step, there have been proposed various techniques pri- 

5 marily based on one ol principles of (1) forming an 
image by recording an Image on the surface of a plate 
material by image-wise exposure and thern^Ity decom- 
posing the exposed portion of the plate material. (2) 
forming an image by rendering lipophilic the exposed 

to portion of the plate material in image-wise exposure by 
heat mode curing. (3) forming an image by rendering 
lipophilic the exposed portion of the plate material in 
image-wise exposure by light mode curing. (4) lorming 
an image by nxxJif icalion of the surface of a plaie male- 

15 rial through decomposition by light, and (5) forming an 
image by heat mode melt transfer of an imaged portion. 
[0007] The aforesaid simple offset printers are dis- 
closed, for instance, in United Stales Patent Nos. 
3.506.779; 3.549.733; 3.574.657; 3.739.033; 

20 3.832.948; 3.945.318; 3.962,513; 3.964.389; 
4.034.183; 4.081.572; 4.693.958; 4.731.317; 
5.238.778; 5.353.705; 5.385.092; and 5.395,729 and 
EP No. 1068. 

[0008] Notwithstanding their advantage that they use 

25 no developing solution in making a printing plaie. the 
aforesaid printers have one or more of the following 
drawbacks and are practically unsatisfactory. An unsat- 
isfactory difference between the lipophilic region and 
the hydrophitic region, wrtiich results in poor quality of an 

30 printed image, poor resolution, which results in difficulty 
in obtaining a sharp printed image, an insufficient 
mechanical strength of the surface of a printed image to 
such an extent that the surface of the printed image is 
apt to be scratched, wtiich requires provision of protec- 

35 tive film or the like and deteriorates simplicity of the 
printer, and an insufficient durability against printing for 
a long time. Thus a strong demand for a printir^ plate 
which can be easily made and has various properties 
required in printing is not satisfied yet. 

40 (00091 As a method of making a non-processed print- 
ing plate, there has been disclosed in Japanese Unex- 
amined Patent Publication No. 9(1 997) -169098 a 
method wNch utilizes a pherromerran that zirconia 
ceramic is rerxfered hydrophitic by exposure to light. 

45 However zirconia is insufficient in photosensitivity and 
cannot be sufficiently rendered hydrophitic from its 
hydrophobic (lipophilic) state. Accordngly the approach 
is disadvantageous in that the imaged region and the 
non-imaged region are not &jfficiently distingui&hat>le 

so from each other, 

[001 0] Further it will be advantageous from the view- 
point of reduction in both cost and waste if a used print- 
ing plate can be easily recycled and reused. Simplicity 
of recycle operation is very important in recycle and 

55 reuse ol printing plates, and it has been a very difficult 
problem to simplify the recycle operation. Accordingly 
there has been litlle disclosure on a method of overcom- 
ing this problem except Japanese Unexamined Patent 
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PuWicalion No. 9{ 199 7)- 169098 where the recycle 
operation is merrtioned onfy on a zirconia ceramic plate 
material. 

SUMMARY OF THE INVENTION 5 

{0011 J In view of the foregoing observations and 
desCTiplion. the primary otsject ot the present invention 
is to provide a plaie makng dwice which can make 
without use ol alkali developing solution a printing plate to 
which can provide a practically sufficient image quality 
and can be recycled for reuse. Specifically the present 
invention provides a plate making device whiich can 
make wrthout use of alkali developing solution a printing 
plate which is excellent in resolution and high in distin- ts 
guishability between the imaged region and the non- 
imaged region and accordingly can provide an image of 
high quality. 

(001 2J Another object of the present invention is to 
provide a printtr^ system using the plate making device, so 
[001 3] Still another object of the present invention is 
to provide a printer using the ptate making device. 
[0014] After various investigations, we have found 
existence of a material whose surlace changes from a 
lipophilic state to a hydrof)hilic stale upon exposure to 25 
light and returns to a lipophilic slate when subsequently 
sutjjected lo a heat treatment. This invention has been 
made on the basis ot this discovery 

[001 5) That is. in accordance with a f ffsi aspect of the 
present invention, there is provided a plate making so 
device comprising 

a plate material which is removably provided and 
has a surface layer formed of flm including as its 
major component a material whose surface 35 
changes from a lipophilic state to a hydrophilic state 
by a pfrotocatatytic reaction and returns to a 
lipophilic state when subsequently subjected to a 
heat treatment, 

an exposure means which uniformly exposes the 40 
substantially entire surface ot the plate material to 
active light and 

an image writing means which writes an image in a 
heat mode on the ptiate material which f^as been 
exposed to the active light and makes a printing 45 
plate. 

[0016) The "material v^rhose surface changes from a 
lipophilic stale lo a hydrophilic stale by a photocatalyttc 
reaction and returns to a lipophilic state when subse- so 
quentJy subjected to a heat treatment' will be referred to 

BS "photo-thernAal hydrophilicity convertil>Ie material', 
hereinbelow. The 'active light" is light which stimulates 
the photo-thermal hydrophilicity convertible material to 
change its surface Irom a lipophilic stale to a hydrophilic 53 
stale. *To unilormly expose the substantially entire sur- 
face ol the plaie maiertal lo the active light" means to 
expose the plaie material to the active light at uniiorm 



light energy over the sutastantially entire surface thereof 
without practical kx;al nonunilormily of light energy. To 
write an image in a heal nxxle" means an ordinary heat 
mode imaging as used in this tied. For example, it 
means to heat the plate material in an image-wise pat> 
tern by touching a fine heater element to the plate mate- 
rial along the pattern or t>y image-wise exposing the 
plate rnaterial so that the exposed portion ts heated by 
heat energy derived from light energy absorbed by the 
exposed portion. 

[0017] In one preferred embodiment ot the present 
invention, the plate material is in the form of a flat plate 
which is removatVy mounted on the surface of a drum 
and the exposure means and the iniage writing means 
are disposed around the drum. 
[0018] In another preferred embodiment of the 
present invention, the plate material is in the form of a 
printing drum and the exposure means arxJ the image ^"^ f 
writing means are disposed around the plate cylinder. 
[001 9] The image writing means may corrprise a ther- 
mal recording head or a laser such as an infrared laser 
[0020] PreleraWy the photo-thermal hydrophilicity 
converlitde material is titanium oxide or zinc oxide. 
[0021 J Further it is preferred that the plate making 
device be provided with an ink removing means for 
removing ink ren^ining on the plate material, more 
strictly on the printing plate made of the plate material, 
after printing. 

[0022] In accordance with a second aspea of the 
present invention, there is provided a printing system 
comprising 

a plate malQng device of the first aspect 

at least one printer including a plate support means 

on which a printing plate removed from the plate 

making device is renxjvaWy mounted and an ink 

supply means which supplies ink to the imaged 

region of the printing plate, arxJ 

an ink removir>g means lor removing ink remaining 

on the printing ptate after printing. 

(0023) The ink removing means may be provided 1 
either on the printer or the plate making device. | 
[0024] It is preferred that the printing system com- 
prises at least four said printers 
(0025) In accordance with a third aspect of the present 
invention, there is provided an offset printer comprising 

a plate makirig section consisting ol a plate material 
which has a surface layer formed of film including 
as its major component a material whose surface 
changes from a lipophilic state to a hydrophilic slate 
by a photocatalytic reaction and returns to a 
lipophilic state when subsequently subjected to a 
heat treatment, an exposure means which uni- 
formly exposes the substantially entire surface ol 
the plate material to active light, an image writing 
means which writes an image in a heal mode on 
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the plate material which has been exposed to the 
active light and makes a printing plate, an ink suph 
ply means which supplies ink lo the innaged region 
oi the printing plate, and an ink removing means ky 
removing ink remaining on the printing plate after 5 
printing. arvJ 

a transfer section which transfers ink on the imaged 
region 0I the printing plate to a prtnlir»g medium 

[0026) M is preferred that the plate material be in the 10 
form of a priming drum arxJ the exposure means and the 
ifnage writing means be disposed around the plate cyl- 
inder 

{0027] The image writing means may comprise a ther- 
mal recording (lead or a laser such as an infrared laser, rs 
[0028] It is preferred that the offset printer comprises 
at toasl four said print making sections. 
[0029] Preferably the photo-thermal hydrophiiidty 
corwertible material is titanium oxide or zinc oxide. 
[0030] In the plate making device, the printing system 20 
and the printer in accordance with the present invention, 
the surface of the plate material changes from a 
lipophilic state lo a hydrophilic state when exposed lo 
the active light over the substantially entire area thereol. 
When the image writing means writes an image in a 25 
heal mode on the plate material in this state, only the 
imaged region, that is. the region exposed to heal by the 
image writing means, becomes lipophilic, whereby a 
lipophilic imaged region and a hydrophilic non-imaged 
region are termed on the surface of the plate material. 30 
Thus a printing plate bearing thereon a lipophilic image 
is made. When the printing plate is set to a printer and 
ir^ is supplied on the printing plate, the ink is held only 
on the lipophilic imaged region and is rx>t heW on Ihe 
hydrophilic non-imaged region, whereby an ink image is as 
formed on the printing plate. The ink image is then 
transferred to a printing medium. When ink remaining 
on the printing plate is renroved after printing and the 
printing plate is exposed to the active light over the 
entire surface thereof in the plate making device. Ihe ^ 
imaged region returns to the hydrophilic stale and the 
printing plate is restored to the state before imaging. 
[0031) Accordingly in accordance with the present 
invention, a printing plate can be made only by uniform 
exposure of a plaie material and imaging in a heat mode 45 
without necessity of development. Further the printing 
plate ttius made is high in distinguishability l>etween the 
imaged region and the non-imaged region, which 
ensures high sharpness of Ihe printed image. Further 
since the printing plale is restored to the stale where (t so 
bears thereon no image by uniform exposure of the 
printing plate to active light after deaned of ink. the plate 
material can be repeatedly used, whereby printed mat- 
ter can be provided a I low cost. 

[0032] When the plate maierial is in the form of a flat ss 
plate which is removably mounted 00 the surface of a 
drum Of in the form of a printing drum and the exposure 
means and Ihe image writing means are disposed 



around the drum or the plate cylinder, the uniform expo- 
sure and the imaging in the heal mode can be eflecied 
only by rotating the drum of the plate cylinder, the plate 
making device can be corrpact in size and space can 
be saved. 

[0033] When the ink removing means is provided on 
the plate making device, the printing system using the 
plate making device can be simple in structure since the 
ink removing step is carried out in the plate rraking 
device 

[0034] When Ihe printing system of the present Inven- 
tion is provided with at least four printers, color prinlirxj 
can be carried out by supplying ink of different colors at 
the respective printers. 

[0035] Further, in the offset printer of the present 
invention, the prirtting plate need not be removed from 
the p>rinter. and accordingly there is no fear that foreign 
maierial such as dust adheres to the printing plate when 
incorp>orating the printing plate in the printer as in the 
case of a conventional PS plate. 

[0036J Further when the oHset printer of the present 
invention is provided with at least four plate nnaking sec- 
tions, color printing can be carried out by supplying ink 
of different colors ai the respective plate making sec- 
lions. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0037] 

Figure 1 is a schematic view for illustrating a print- 
ing system in accordance with a first embodiment of 
the present invention, 

Rgure 2 is a schematic view showing an example of 
the thermal recording section, 
Figure 3 is a schematic view showing another 
example of the thermal recording section. 
Figure 4 is a schematic view for illustrating a print- 
ing system in accordance with a second embodi- 
ment of the present invention. 
Figure 5 is a schematic view for illustrating a plale 
maJdng device in accordance with a third embodi- 
ment of the present invention. 
Figure 6 is a schematic view for illustrating a print- 
ing system in accordance with a fourth embodiment 
of tfie present invention, 

Rgure 7 is a schematic view for illustrating a print- 
ing system in accordance with a fifth embodiment of 
the present invention. 

Rgure 8 is an enlarged view of an important pari of 
the printing system. 

Figure 9 is a schematic view for illustrating an offset 
printer in accordance with a sixth embodiment of 
the present invention, 

Rgure 10 is a schematic view for illustrating an off- 
set printer in accordance with a seventh ^bodi- 
ment of the present invention. 
Figure 1 1 is a schematic view for illustrating an ofl- 
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set prinier in accordance wuh an eighth embodi- 
meni ol the present invention. ar»d 
Figure 12 is an enlarged view of an important part 
of the printer. 

5 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTTS 

(0038) This invention is based on the discovery of 
existence ol a material such as titanium cukJe or zinc <o 
oxide whose surface changes (rom a lipophilic state to a 
hydrophilic state upon exposure to light and returns to a 
lipophilic state when subsequently subjected to a heat 
treatment, and is characterized in that such nature ol 
the photo-thermal hydrt^hilidty convertible material is ts 
utilized in making a printing plate and recyclir^g the 
same. 

[0039] Figure 1 shows a printing system in accord- 
ance with a first embodiment ol the present invention. 
As shown in Figure 1. the printing system of this embod- ?o 
iment corrpr ises a plate making device 1 and a printer 

2 

[0040] The ptate making device 1 comprises an expo- 
sure drum 4 around which a plate material 3 in the form 
of a flat plate fiaving a surface layer containing a photo- 2s 
thermal hydrophilidty convertitDle material such as tita- 
nium oxide or zinc oxide as a major component is 
wrapped, an active light exposure section 5 which uni- 
formly exposes the substantially entire surlace of the 
plate material to active ligfit. and a thermal recording 30 
section 6 for writing an image in heat mode on the plate 
material 3 which has been exposed to the active light. 
These elements are disposed inside a housing body 7. 
The housing body 7 is further provided with a plate 
material supply section 1 1 for si^plying a plate material 35 
3 to the housing body 7 and a plate discharge section 
12 tor discharging a printing plate 3" made by the plate 
making device 1 as will be deswibed later. 
(004 1] The printer 2 comprises a printing drum 15 
around which the printing plate 3' is wrapped, an 40 
ink/water supply section 16 which supplies ink and foun- 
tain solution on the surface ol the printing plate 3'. an ink 
washing section 1 7 which removes ink on the printing 
plate 3' on the plate cylinder 15 after printing, a blanket 
18 as an intermediate member for transferring ink on 45 
the printing plate 3' to a sheet of printing paper arxJ an 
impression cylinder 19 which presses the sheet of print- 
ing paper against the blanket 18 These elements are 
disposed inside a printer housing 20. The printer hous- 
ing 20 is further provided with a printing plate supply so 
section 21 for supplying the printing plate 3" to the plate 
cylinder 15 as will be described later 
[0042] There has been well known that titanium oxkJe 
and zinc oxide exhibit photosensitivity. Especially zinc 
oxide is used to obtain an electrostatic image by expos- 55 
ing 10 image-wise light when it is charged or applied with 
an eiearic voUage This has been put into praaice in an 
electro-tax in the field ol electrophotography However 



the property that the Slate ol the surtace ol titanium 
oxide arvJ zinc oxide change from lipophilic state to 
fiydrophiiic state upon exposure to active Kght has t>een 
newly discovered irxJependenily from generation of the 
photoelearic charge and was noi fourxJ when use of 
titanium oxide and zinc oxide in electropfKitography was 
investigated. 

[0043] Especially conception ol using such a property 
for a ptate making is completely novel. 
10044] Titanium oxide and zinc oxide are preferable for 
forming the plate materiaf 3. However titanium oxide is 
preferable to zinc oxide in view of sensitivity, i.e.. the 
photosensitivity in change of the nature of the surtace. 
Titanium owde may t>e prepared by any known method. 
For example, it may be prepared by sulfuric acid calci- 
nation of itmenite or ttantum slug, or by chlorination 
under an elevated temperature and subsequent oxygen 
oxidization of ilmenile or titanium slug. Othenwise tita- 
nium oxide film may be formed by vacuum film formation 
such as vacuum deposition, sputtering or the like of tita- 
nium or titanium oxide as will be described later. 
[004S] A layer containing therein titanium oxide or zinc 
oxide may be formed on the surface ol the plate material 
3 by any known method. For exanrple. the following 
methods can be employed. (1) Coaling the surtace of 
the plate material with dispersion of fine aystals of tita- 
nium oxide or zinc oxide. (2) Coating the surlace of the 
plate material with dispersion of fir>e aystals of titanium 
oxide or zinc oxide, and subsequently firing the layer 
thus formed, thereby reducing or removing the birxJer, 
(3) depositing titanium oxide or zinc oxbe on the sur- 
face of the plate nrkaterial 3 and (4) Coating organic 
compound of titanium or zinc such as titanium butoxide 
and forming a layer of titanium oxide or zinc oxide 
through hydrolyzing or firing oxidization of the coating, 
tn this invention, a titaruum oxide layer by vacuum dep- 
osition is especially preferable. 

[0046] In the methods of (1) and (2). fine crystals of 
titanium oxide may be coaled, for instance, by coaling 
dispersion of mixture ol titanium oxide and silicone 
oxide and lorming a surface layer or by coating a mix- 
ture of titanium oxide and organopolysiloxane or its 
monomer. Further fine aystats of titanium oxide may be 
coaled in the form of dispersion in polymer birxJer which 
can coexist with the oxide. As the birxJer. various poly- 
mers dispersive to fine particles of titanium oxide can be 
used. As such polymer binder, polyalkylene polymer 
such as polyethylene, hydrophobic binders such as 
pK)lybu:adiene. polyacrylic ester, polymethacrylic ester, 
polyvinyl acetate, poiytorm acetate, polyetfiylene 
terephtalate. polyethylene naphthalaie. pdyvinyf alco 
hoi and polystyrene are preferred and a mixture of these 
resins nr^ay also be used. 

(0047] When carrying out vacuum deposition of tita 
nium Oxide in the method (4). a normal vacuum metal- 
li/er is evacuated to not higher than exp(-5) Torr and 
titanium oxide is heated by an etearon beam under the 
condition ol oxygen gas pressure of exp{-l to -6) Torr. 
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whereby titanium oxide is evaporated and (ofms lilm on 
the surtace of the plale material 3 
[0048] When zmc oxide is used, zinc oxide film may be 
formed any known method. It is preferred to use a 
method where the surface of a zinc plate is oxidized by 
etectfolysis to form zirx: oxide film or a method where 
zinc oxide film is formed by vacuum deposition. 
[0049] Deposited film of zinc oxide may be formed by 
deposition of zinc ot zinc oxide under existence of oxy- 
gen gas or by forming zinc film in an atmosphere with- 
out oxygen and subsequently oxidizing the zinc film by 
heating it to 700* C in the air. Either of titanium oxide 
lilm and zinc oxide film should t>e 1 to 10000 A in thick- 
ness and preferably lO to lOOOOA. In order to prevent 
strain due to ir^terlerence of light, it is preferred that the 
fiiiTTbVnoi^iaiJerDQf^ in thickness. In order to 
ensure satisfactory photo -activity, it is preferred that the 
film be not smaller than 50A in thickness. 
[0050] Though titanium oxide may be of any crystal 
torm. analase titanium oxide is preferred for its high 
sensitivity, As is welt known, analase can be obtained 
by firing titanium oxide under a selected condition. 
Amorphous titanium oxide and/or rutile titanium oxide 
may mingle with analase titanium oxide. However pref- 
eratHy anatase titanium oxide exists at least in 40% arxJ 
more preferably at least in 60% for the aforesaid reason. 
(0051) The layer containing therein titanium oxide or 
zinc oxide generally should contain 30 to 100% by vol- 
ume of titanium oxide or zinc oxide, and preferably not 
smaller than 50%. More prelerably the layer comprises 
a continuous layer of titanium oxide or zinc oxide, that is, 
contains 100% of titanium oxide or zinc oxide. 
[0052] Doping with a certain kirxl of metal is some- 
times effective for enhancing the phenomenon that 
hydfophilidty of the surface changes upon exposure to 
light For this purpose, doping with metaJ which is weak 
in ionization teryJency such as Pi, Pd. Au. Ag. Cu. Ni, Fe 
or Co is preferable. Doping with a plurality of these met- 
als may be employed. 

[0053] When the volume fraction of titanium oxide or 
zirc oxide is small, sensitivity of change in hydropNIiciiy 
of the surface deteriorates. Accordingly it is preferred 
that the layer contains titanium oxide or zinc oxide in at 
least 30%. 

[0054] The plale material 3 may be of various nnaleri- 
als and may be in various forms. For example, the plate 
material 3 may comprise a base member of various 
materials and a layer of various photo-thermal 
hydrophilicity convertible materials such as titanium 
oxide, zinc oxide and the like formed on the surface of 
the base meniaer in various ways such as those 
described at>ove The base member nr«y be a metal 
plale. a flexible plastic sheet such as polyester or cellu- 
lose ester, or a paper sheet such as waterproof paper, 
potyethyiene^papet laminate, or impregnated paper. As 
the metal plate, an aluminum plale. a stainless steel 
plate, a nickel piaie and a copper plate are preferable. 
The metal piaie may be iiexibie 



[0055] More specifically, when a layer of titanium oxide 
or zinc oxide ts formed on a base member, the base 
member may be of various matertals so long as it is 
dimensionally statute For example, a paper; a paper 

5 sheet laminated with plastic such as polyethylene, poly- 
propylene, or polystyrene: a metal plate such as of alu- 
minum, zinc. coF)p©r or stainless steel; plastic film such 
as cellulose diacetate, cellulose triacetate, cellulose 
propionate, cellulose butyrate. cellulose acetate 

to butyrate. cellulose nitrate, polyethylene terephUialate. 
polyethylene, polystyrene, polypropylene, polycar- 
bonate, or polyvinyl acetal; and a paper sheet or plastic 
film laminated with or deposited with the above listed 
metals may be employed. 

IS [0056] Polyester lilm. aluminum plate and a SUS plate 

which is resistant to corrosion on the printer are prefer- > , 
able. Among those, an alunninum plate is most prefera- ' ' ' ' 
fcrfe owing to its excellent dimensional stability and 
inexpensiveness. The aluminum plate may be of pure 

20 aluminum or of aluminum alloy containing therein a fine 
amount of impurity elements such as silicon, iron, man- 
ganese, copper, magnesium, chromium, zinc, bismuth, 
nickel, titanium or the like. The content of such impurity 
elements in the aluminum alloy is generally 10% .by 

« weight at most Though pure aluminum is most (xe- 
lerred. perfectly pure aluminum is difficult to produce. 
The aluminum base mennber need not be of a particular 
composition and may be any known aluminum plate. 
The base member employed in the present invention is 

30 generally about 0.05mm to 0.5mm in thickness, prefera- 
bly 0.1 to 0.4mm and nxare preferat»ly 0.15 to 0.3mm. 
[0057] The surface of the aluminum piate is rough- .|vii«.i<f^ 
ened. If necessary, the surface is degreasod to remove 
rolling oil thereon by use of surfactant, organic solvent 

35 or an alkaline solution t>efore roughening the surface 
[0058] The surface of the aluminum plate may be 
roughened by various methods. For example, ^e sur- 
face may be mechanically roughened, may be rough- 
ened by electrochemical dissolution or may be 

4p roughened by selective chemical dissolution. The 
mechanical roughening may be effected any known 
method such as ball grinding, brushing, blasting or buff- 
ing. The elearochemical roughening may be effected, 
tor instance, by applying an AC current or a DC current 

AS in hydrochloric acid electrolyte or nitric add electrolyte. 
Further the surface may be roughened by a combina- 
tion ol mechanical roughening and electrochemical 
roughening as disclosed in Japanese Unexamined Pat- 
ent Publication No. 54(1 979) -63902. 

50 [0059] After the surface is roughened, the aluminum 
plate is subjected to alkaline etching treatment arxi neu- 
tralization treatment as required and then subjected to 
anodizing process, as desired, in order to enhance 
water retention characteristics and/or resistance to 

55 wear ol the surface, In anodizing process of the alumi- 
num plate, various etearolytes which forms porous 
oxtde him may be used As such electrolyte, sulfuric 
aad. hydrochloric ac«d. ntiric acid, chronrsc acid or mix- 
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ture of these acids is generally used. The concentration 
of ine electrolyle may be suitably determined depertjing 
on ihe kind of the electrolyte used. 
[0060] The condition of anodizing depends upon the 
kind of the electrolyte used and cannot be deterrrined 5 
sweepingly. However eleclrotyte concentration of 1 to 
80% by weight, electrolyte temperatLre of 5 to 70* C. 
current density of 5 lo 50A/dm'. electric voltage of l to 
100V and eleclrolysis time ol 10 seconds to 5 minutes 
are generally suitable. i o 

(006 1 ] When the amount of anodized f Sm is less than 
1 Og/m^. durability against printing becomes insufficient 
and/or the non-imaged region on the printing plate 3' 
becomes apt to be scratched, which results in adhesion 
of ink to thfe scratched portions. 15 
[0062] The plate material 3 having a surface layer of 
titanium oxide or zinc oxide is originally lipophilic and is 
ink receptive Hcwever when exposed lo ac^e light the 
surlace of the plate material 3 becomes hydrophilic arxi 
comes to repel ink When an image is written in heat po 
mode, tor exarrple. by image-wise touching a heater 
element to the surface of the plale 'material 3 or by 
image-wise exposing the same to light which can be 
corrverted to heat energy, the imaged region is rerxJered 
lipophilic and comes to receive ink. By writirtg an image 25 
on the surface of the plate material 3. the printing plate 
3 is made. Then the printing plate 3" is brought into con- 
tact with offset printing ink. thereby forming a priming 
suflace where the non-imaged region retains fountain 
solution arxJ the imaged region retains ink When a 3o 
printing medium is brought into contact with the printing 
surlace. the ink on the surface is transferred to the print- 
ing medium, whereby printing is effected. 
(0063J The phenomenon that the surface of the photo- 
thermal hydrcphilicity convertble material changes from 35 
a lipophilic state to a hydrophilic state upon exposure to 
light and returns lo a lipophilic state when si^sequently 
subjected to a heat Ireaiment. on the basis of which the 
present invention is made is very remarkable. As the dif- 
ference between the lipophllicily of the imaged region 40 
and the hydrophilicity of the non-imaged region 
Increases, the non-imaged region aixJ imaged region 
becomes more distinguishable from each other and the 
printing surface becomes dearer and the durability 
against repeated printing is enhanced. The degree of *5 
difference between ihe lipophilidty and hydrophilicity 
can be represented in terms of the contact angle with a 
droplet ol water. As the hydrophilicity irrcreases. the 
droplet ol water spreads wider and the contact angle 
with Ihe droplet becomes smaller. To the contrast, when so 
the surface is water repellent (i.e., lipophilic), the contact 
angle becomes larger. That is. the plate material having 
a layer of the pholo-thermal hydrophilicity corrvertible 
material such as litamum oxide or zinc oxide originally 
has a large contact angle with water but Ihe contaa 55 
angle is sharply reduced when the surface layer ts 
exposed to active light, and the surface of the plaie 
maienai comes 10 repel ink which is lipophilic. The sur- 



face of the plate material recovers its lipc^iliciiy when 
heated and accordingly by image-wise heating the sur- 
face, an ink receptive, water repellent imaged region 
and a water receptive, ink repeDent non-imaged region 
are formed on the surface, whereby a printing plate is 
formed. 

(00641 The active light exposure section 5 of the plate 
making device 1 will be described hereinbelow. 
[0065] In the printing system of this embodiment, the , 
surface of the plale material 3 is unikymty exposed to r 
active light prior to forming a Bpophilic image. The uni- ' 
form exposure of the surface to the active light may be 
effected in a surface exposure system in which the 
emire area of the surface is exposed at one time, in a slit 
exposure system in wtitch the active light is projected 
onto (he surface through a moving slit, or in a beam 
scanning system in which the surface is two-dimension- 
ally scanned by a beam of the active light. In the beam 
scanning system, so long as the scanning pitch is fine 
enough not to obstruct fxinting. exposure in the beam 
scanning system may be considered to be uniform 
exposure. When the light source used is a laser, the 
beam scanning system is suilat»le and when the light 
source used is an^coherent divergent type light source 
such as an incaWescent lamp or a discharge tube, then 
the surface exposure system including the slit exposure 
system is suitatJle. 

{0066] The aaive light which excites the film contain- 
ing therein titanium oxide or zinc oxide as a major com- 
ponent is light in the sensitive wavelength range for the 
oxide. In the case of anatase titaniim oxide, the sensi- (/-^./j: ^ 
live wavelength range is not longer than 387nm. in the / 
case of rutile titanium oxide, the sensitive wavelength 
range is not lor>ger than 41 3nm. and in the case of zinc 
oxide, the sensitive wavelength range is 387nm. 
Accordingly, a mercury vapor tarrp. a tungsten halogen 
lamp, other metal halide lamps, a xer>on larrp and the 
like may be used as the active fight source. A helium 
cadmium laser lasing at 325nm and a water-cooled 
argon laser lasing al 351.1 to 363. 8nm can be also 
employed as the active light source. In gallium nitride 
lasers whose emissions at an uftraviolel to near ultravi- 
olet region have been confirmed, an InGaN quantum- 
well semiconductor laser lasing at 360 to 440nm and an 
optical waveguide MgO-UNbOs laser having periodic 
domains reversals lasing at 360 to 430nm can be used. 
[0067J In the case of zinc oxide, spectral sensitivity 
may be increased by any kno^n method and the light 
sources listed above may be used. Further other lamps 
having spectral distribution in Ihe increased rar>ge such 
as a tungsten lamp may also be used. 
(0068) As the surface layer is kept exposed to active 
light, the photo-thermal hydrophilicity convertible mate- 
rial such as titanium oxide or zinc oxide changes its 
Slate from a lipophilic stale to a hydrophilic state and 
when all the pholo-thermal hydrophilicity convertltDte 
material changes to the hydrophilic stale, the degree of 
hydrophilicity is not increased any more even if expo- 
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sure to the active lighi is further continued. 
[00€91 A prelerrod amount ot active light to which the 
surface layer is to be exposed xJeperxJs upon the prop- 
erty of the surface layer and a target level ol distir>guish- 
ability between the imaged region and the non-imaged s 
region. In the case of a surface layer ot titanium oxide or 
zinc oxide, the preferred amount of active light is gener- 
ally 0.05 to 100 joule/cm^, preferably 0.05 to 10 
joule/cm^ and more pfeferably 0.05 to 5 joule/cm^. 
{00701 The degree of change to the hydrophilic slate 'o 
of the pholo-thermat hydrophilicity convertible material 
depends upon the total amount of active light to which 
the photo-thermal hydrophilicity convertible material is 
exposed. For example, exposure for 100 seconds at 
lOmW/cm^ reeulls in the same effect as exposure for 1 rs 
second at 1W/cm^. Said range of the amount of light 
gives rise to no problem either in the surface exposure 
system nor in the beam scanning system. 
(0071 J The thermal recording section 6 of the plate 
making device 1 will be described, hereinbelow. x 
[0072] An image region is formed on the plate material 
3, the entire surface of which has been rendered 
hydrophilic. by image-wise heating the surface ol the 
plate material 3 in the thermal recording section 6. The 
structure of the thernnal recording section 6 Is shown in 25 
Figure 2. As shown in Figure 2. the thermal recording 
section 6 comprises a ihermal recordirxj head 41 which 
is moved along the surface of the plate material 3 in 
close contact therewith and a head driver 42 which 
image-wise moves the thermal recording head 41 30 
according to an image signal S from an edit/layout 
means 40 which generates an image signal S repre- 
senting an image to be printed. The thernwil recording 
head 41 has a plurality of fine heater elements arranged 
like an array or a matrix in the direction of the axis of 35 
rotation of the exposure drum 4 and writes an image in 
heal mode on the surface of the plate material 3 line by 
line or lines by lines vtrhile the plate material 3 is rotated 
together with the exposure drum 4. The region touched 
by the healer elements {imaged region) is rendered 40 
lipophilic with the region not touched by the heater ele- 
ments (non-imaged region) kept hydrophific. 
[0073] Figure 3 shows another example of the thermal 
recording section 6. As shown in Figure 3, the thermal 
recording section 6 comprises an infrared laser 43 
which emits an irrtrared laser t>eam toward the surface 
ol the plate material 3 and a laser driver 44 which drives 
the infrared laser 43 to modulate the infrared laser 
according to an image signal S from an edit/layout 
means 40 which generates an image signal S repre- so 
senting an image to be printed. The infrared laser 43 
causes the modulated infrared laser beam to scan the 
sudace of the plale material 3 in the direction of the axis 
ot rotation of the exposure drum 4 and writes an image 
in heal mode on the surface of the plale material 3 while 5S 
Ihe plale malenal 3 is rotated together with the expo- 
sure drum 4 The region exposed to the infrared laser 
beam (imaged region) rs rendered lipophilic with the 



region not exposed to the infrared laser t>eam (non- 
imaged region) kept hydrophilic. 

(0074J Though, in the example shcxvn in Figure 3. the 
infrared laser beam is directly modulated by controlling 
the infrared laser 43. the infrared laser beam may be 
modulated by a combination of an infrared laser arxJ an 
external modulator such as acoustooptic element. 
[0075] The thermal recording section 6 need not be 
limited to those described above. For example, the 
image may be written by use of a pholothermic conver- 
sion head for converting light energy to heat energy, or 
by projecting heat radiations such as (lash light to the 
surface of the plate material 3 through a mask which is 
non-transparent to heat radiations except the p)ortions 
corresponding to the image to be recorded with or with- 
out use of a slit. The heat radiations may be momentary 
flash light of high intensity generated by momentary dis- 
cfiarge of electricity stored in a mass capacitor. The 
arrrount of exposure is preferably 0.05 to 10 joule/cm^ 
and more preferably 0.05 to 5 joule/cm^. 
[0076] The photosensitivity for the photo-thermal 
hydrophilicity convertitile material to change from a 
lipophilic state to a hydrophilic slate is different from that 
of zirconta ceramic disclosed in Japanese Unexamined 
Patent Puliltcation No. 9(1 99 7)- 169096 in both the char- 
aa eristic and the mechanism. On such photosensitivity 
of zirconia ceramic, it is disdosed that a laser t>eam of 
7W/^im^ is required. This value corresporxls to 70 
joule/cm^ when the duration of the laser beam is 
assumed to be 100 nanoseconds, which means ttiat the 
photosensitivity of zirconia ceramic is lower than that of 
titanium oxide by one figure. Though not Idly clarHied. 
the mechanism by which titanium oxide changes the 
state of its surface is assumed to be a photo-dislocation 
reaction of lipophilic organic deposit and differs from 
that of zirconia ceramic. However since zirconia ceramic 
changes the state of its surface from a li(x>philic state to 
a hydrophilic state tpon exposure to light and from a 
hydrophilic state to lipophilic state when heated as tita- 
nium oxide or zirx: oxide, also zirconia ceramic can be 
employed in this invenlion. 

[0077] After writir^ an image in heat nxxle on the sur- 
face of the plate material which has been exposed to 
active tight, the plale material 3 can be used as a print- 
ing plate 3" without development 
[0078] Though the non-imaged region of the resulting 
printing plate 3" is sufficiently rendered hydrophilic. the 
printing plate 3' may be subjected to. if desired, post 
treatment by use ol a rinse solution containing sur- 
factant, aqueous solution and the like and/or a grease 
insensitizing solution containing acada gum and/or 
starch derivative. 

[00791 For example, a flusher solution is coaled on the 
surface of the priming plate 3' try wiping the surface with 
sponge or absorbent wadding soaked with the flusher 
solution, by dipping the printing plale 3' in a vat filled 
with the flushing agent or by use of an automatic coaler. 
II IS prelerred that the thickness of the coating of the 
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(lushing sotulion be unilormed by a squeegee rollef. a 
squeegee Wade <x ihe like after coating. The anxxjni of 
the coating is generally 0.03 to 0.8 g/m^ (by dry weight). 
[00801 Then the treated printing plate 3' is discharged 
from the plate making device 1 arxj is wrapped around 
the plate cyfirxJer 15 ol the printer 2. ThereaHer ink and 
fountain solution are supplied from the ink/water supply 
section 16 and fountain solution and ink are respectively 
held by the non-imaged region and Ihe imaged region. 
The ink image on the printing plate 3' is transferred to 
the blanket 18 from the printing plate 3" and then to a 
sheet ol printing paper from the blanket 18. 
[0031] As can be understood from the description 
above, the priming system of this embodiment, in partic- 
ularly, the plate making device 1 in the printing system 
is advantageous over the conventional offset printer or 
plate making device in various points. First it is simple to 
harkdle. Further chemical processing using an alkaline 
developing solution is not necessary as well as wiping, 
brushing and the like which are corwentionally required, 
which prevents ertviron mental pollution by discharge ol 
a developing solution. 

j^U (0082) The ink washing section 1 7 ol the printer 2 will 

./ojt -^ be desaibed. hereinbelow. 

v/Ko_ [00831 Alter end ol printing, the printing plate 3 is 

cleared of ink at the ink washing section 1 7. This is done 
by washing out ink adhering to the printing plate 3" by 
use of hydrophobic petroleum solvent. As such solvent, 
aromatic hydrocart)ons such as kerosine are commer- 
cially available as a printing ink solvent. Further benzol, 
toluc^. xyioi. acetone, methyl ethyl ketone arxJ mixtures 
of this solvent may be used, 
j [0084] The printing plate 3' which has been cleared oH 

.' ink can be reused as a plate material 3 by another uni- 

form exposure to active light unless it is exposed to a 
high temperature. Though how many times the plate 
malerial 3 can be recycled has not been clear and is 
considered to be limited by unremovable stain, practi- 
cally unamendatile blemishes on the surface and/or 
/ mechanical deformation of Ihe plate malerial. it can be 
recycled at least 15 times. 

[0085] The operation of the printing system of this 
emtxidtment will be described, hereinbelow. 
[0036] A plate material 3 is sipplied to the housing 
body 7 from the plate material supply seaion 1 1 and 
then is wrapped around the exposure drum 4. Then 
active light is emitted from the active light exposure sec- 
lion 5 and the entire surface of the plate material 3 is 
uniformly exposed to the active light, whereby the entire 
surface of the plate material 3 is rendered hydrophilic. 
Thereafter an inr\age is written in heat mode on the sur- 
face ol the plate malerial 3 at the therrrval recording sec- 
tion 6. whereby a printing plate 3" bearing thereon a 
lipophilic imaged region and a hydrophilic non-imaged 
region is made The printing plate 3* is renx)ved from the 
e*posu(e drum 4 and is discharged by the plaie dis- 
charge section 12 

[OOQT] The printing plate 3* is conveyed to ihe printing 



plate supply seaion 21 manually or by a conveyor 
means (not shown). The printing plate 3' is further sup- 
plied to the plate cylinder 1 5 by the printing plate supply 
sectton 21 and is wrapped around the plate cylinder 15. 

5 Thereafter ink and fountain solution are supplied to the 
surface of the printing plate 3' from the ink/water supply 
section 16. whereby fountain solution arxj ink are 
respectively hekJ by the non-imagod region and the 
imaged region. The ink image on the printing plate 3" is 

10 transferred to the t)lanket 18 from the printing plate 3" 
and then to a sheet of printing paper supplied between 
the blanket 18 and the pressure drum 19 in the direction 
of arrow A (Figure 1). 

[0088] After end of printing, ink remaining on the sur- 
'5 face of the printing fjtate 3" is removed by the ink remov- 
ing section 1 7 arxJ the printing plate 3' is demounted 
from the plate cylinder 15. Then the printing plate 3' is 
discharged through the printing plate supply section 21 . 
The discharged printing plate 3* is conveyed to the plate 
JO material suf^ly section 1 1 manually or by a conveyor 
means (not shown) for reuse. 

[0089} As can be urxjerstood from the description 
above, in the printing system of this embodiment, the 
printing plate 3' can be made only by uniformly exposing 

25 the surface of the plate material 3 to active light and 
writing an image in a heat mode without necessity of 
de/elopment. Further the printing plate 3' thus made is 
high in distinguishabilrty between the irnaged region and 
the non-imaged region, which ensures high sharpness 

30 of the printed image. Further since the printing plate 3" 
can be restored to the state where it bears thereon no 
image by uniform exposure of the printing plate to active 
light after deaned of ink, the plate material 3 can be 
repeatedly used, whereby printed matter can be pro- 
as vided at low cost. 

[0090] Further in this embodtment. since the plate 
material 3 ts wrapped arourxJ the exposure drum 4 and 
the active light exposure section S and the thermal 
recording section 6 are disposed around the exposure 

« drum 4, the uniform exposure arxJ the imaging in the 
heat mode can be effected only by rotating the exposiffe 
drum 4 and accordingly the plate niaking device 1 can 
be compact in size, whereby space can be saved. 
[0091] A concrete example of the present invention I 

*s will be described hereinbelow. ^ ' 

[0092] A rolled aluminum plate. 0.30mm thick, of U'^f^**^^ 
J ISA 1050 aluminum material containing 99.5% by /^'"^'■-^ 
weight of aluminum, 0.01% by weight of copper. 0.03% -('^^ 
by weight ol titanium. 0.3% by weight of iron and 0.1% 

so by wegfTt of silicon was prepared. The aluminum plate 
was subjected to sand dressing by use of 20% by 
weight aqueous suspension of 400 mesh "pamistone" 
(from Kyouritsu Yougyou) arxS a rotary nylon brush 
(6, tO-nyton) arxJ then washed well. 

55 [0093] The aluminum plale was further dipped in a 
15% by weight aqueous solution ol sodium hydroxkle 
(containing 4 5% by weight ol aluminum and etched so 
thai aluminum was dissolved in an amount ol 5g/m^ 
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Then ihe aluminum plate was washed wuh funning 
water. Attef neutralization by 1% by weight nitric acid, 
the surlace ol the aluminum plate was roughened by 
electric charge in a 0.7% by weight aqueous solution of 
nitric acid (containing 0.5% by weight of aluminum) by 
use of a rectangular wave alternating vottage (current 
ratio f=0.90. a current waveform disclosed in an embod- 
iment in Japanese Patent Publication No. 58(1983)- 
5796). The voltage was lO.Sv when the aluminum plate 
was the anode and 9.3v when the aluminum plate was 
the catfiode. and the current when the aluminum plate 
was the anode was 160 coulomb/dm^. After washing, 
the aluminum plate was further dipped in a 10% by 
weight aqueous solution of sodium hydroxide at 35'C 
and etched so that aluminum was dissolved in an 
amount of \Q/m^. and then further washed- Thereafter 
the aluminum plate was further dipped in a 30% by 
weight aqueous solution of sulfuric acid at 50* C to de- 
smul and washed with water 

[0094] Then thie aluminum plate was subjected to 
porous anodized film forming process in a 20% by 
weight aqueous solution of sulfuric acid (containing 
0.8% by weight of aluminum) at 35' C by use of a direct 
current at a current density of 1 3 A/dm^. The electrolysis 
time was controlled so that 2.7g/m'^ of anodized film was 
formed. 

[0095] The aluminum plate was washed with water 
and then dipped in a 3% by weight aqueous solution of 
sodium silicate at 70' C for 30 seconds. The aluminum 
plate was then washed with water and dried. 
[0096] The aluminum plate thus obtained was used as 
a base member. The aluminum base member was 0.30 
in the reflection density as measured by a Macbeth 
reflection densitometer and 0.58tim in centerline mean 
roughness. 

[0097] The aluminum base member was placed in a 
vacuum metallizer and healed to 200* C. Then the vac- 
uum metallizer was evacuated to 1.0x10 ® Torr artd tita- 
nium oxide was heated by an electron beam under the 
condition of oxygen gas pressure of 1.5x10'* Torr. 
whereby film of titanium oxide was formed on the alumi- 
num base mennbef. In this titanium oxide film, the ratio 
of amorphous component, anatase crystal component 
and rutile crystal corrppnent was 2.5/4.5/3 as analyzed 
by X-ray analysis The titanium oxide was 750 A in thick- 
ness. The aluminum base member having the titanium 
oxide film on the surface thereof thus obtained was 
used as a sample of the plate material 3. 
[0098] The plate material 3 was wrapped around the 
exposure drum 4 and was exposed through a slit 10cm 
wide to light at an intensity of 3SmW/cm^ emitted from 
"USIO Printing Light Source Unit Unirec URM600 
model GH-6020r (Usio Electric) while the plate mate- 
rial 3 was slowly rotated together with the exposure 
drum 4. whereby the entire surface of the plate material 
3 was uniformJy exposed to light for 15 seconds. Then 
the contact angle with water droplet (in air) ol the sur- 
lace was measured by use of a CONTACT-ANGLE 



METER CA-D (Kyouwa Kaimen Kagaku K.K.), The con- 
tact angle was in the range ol 5 to 7" over the entire sur- 
face. 

[0099] An image was recorded on the surface layer of 
5 titanium oxide by touching a heater element array com- 
prising a plurality of thermal heads of 150^ x 150)im 
arranged at intervals of 250|im. each thermal head 
comprising a Ta-SiOj healing resistor provided with 
wear -resistant protective layer of sialon. tl was con- 
ro firmed by separate temperature measurement that the 
terrperature ol each thermal head reached to 450' C by 
energizing for 20msec. The recording speed was 
400m/sec- 

[01 00] The printing plate 3' thus prepared was set to a 
15 single-sided printer (Oliver 52 from SakuraO and 1000 
copies were offset by use of pure water as fountain solu- 
tion and Newchampion F gross 85 India ink (from 'Dain- 
ihon Ink Chemical'). Sharp printed matter was obtained 
from beginning to end arxJ no damage was observed on 
20 the printing plate 3'. 

[0101] Then the surface of the printing plate 3' was 'jo."-' 
washed with printing ink cleaner "Dye-Clean R" (from ' 
•Qainihon Ink Chemical") to remove ink remaining ther- 
eon. 

25 [0102] Thereafter the printing plate 3' was wrapped 
arourxJ the exposure drum 4 and was exposed through 
a slit 10cm wide to light at an intensity of 35mW/cm^ / [^^ 
emitted from "USIO Printing Light Source Unit Unirec 
URM600 model GH-6020r (Usio Electric) while the 

30 prirrting plate 3" was slowly rotated together with the 
exposure drum 4. whereby the entire surface of the 
printing plate 3' was uniformly exposed to light for 15 
seconds. 

[0103] Then another image was written under the 
35 same conditions as described above on the plate mate- 
rial 3 recycled from the printing plate 3'. 
(01 04] The printing plate 3* wras set to a single-sided 
printer (Oliver 52 from Baku rat) and 1000 copies were 
offset by use ol pure water as fountain sohJlion and 
40 Newchampion F gross 85 India ink (from "Dainihon Ink 
ChemcaP)- Sharp printed matter was obtained from 
beginning to end and no damage was observed on the 
printing plate 3'. 

[01 05] This process was repeated 5 times. No change 
ds in repeatability in the photosensitivity, the sensitivity to 
thermal recording and the contact angle was observed. 
(01 OG] This example proves that a Ipophilic image can 
be written on the titanium oxide surface layer of the 
plate material 3 by touching a thermal head and the 
50 plate material 3 can be repeatedly used by renxwing ink 
after printing and unitornnly exposing the surface layer of 

the plate material 3 to active light. . .— 

[0107] A printing system in accordance with a seCOriJ' / ^ f^hU- ^f. I 
embodimeru of the present invention will be described J 
55 with reference to Figure 4, hereinbelow. v/ 
[0108) In Figure 4. the elements analogous to those in 
the first embodiment are given the same reference 
numerals and will not be described here. The printing 
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system o< me second embodiment diflers irom that ol 
the first embodiment in that the plate making device 1 
and the printer 2 are housed in one unit 23 and a con- 
veyor means 24 which conveys the printing plate 3" to 
the printer 2 (rem the plate nnaking device l and to the 5 
plate making device 1 from the printer 2 is p>rovided 
between the plale making device 1 and the printer 2. 
[0109] The operation of the printing system of the sec- 
ond embodiment will be described, hereinbelow. 
[0110] A plate material 3 is supplied to the housing 10 
body 7 from ttie prfate material supply section 1 1 and 
then is wrapped around the exposure drum A. Then 
active light is emitted from the active light exposure sec- 
lion 5 and the entire surface of the plate material 3 is 
uniformly deposed to the active light, whereby the entire 15 
surface of the plate material 3 is rendered hydrophilic. 
Thereafter an image is written in heat rrxxJe on the sur- 
face of the plate material 3 at the thermal recording sec- 
tion 6. whereby a printing plate 3' bearing thereon a 
lipophilic imaged region and a hydrophilic non-imaged ?o 
region Is made. The printing plate 3' is removed from the 
exposure drum 4 and is conveyed to the printer 2 by the 
conveyor means 24. 

(Ot 1 1 ] The printing plate 3' conveyed to the printer 2 
is lixther supplied to the plate cylinder 15 and is 25 
wrapped around the plate cylinder 15. Thereafter ink 
and fountain solution are supplied to the surface of the 
printing plate 3" from the ink/water supply section 16. 
whereby fountain solution and ink are respectively held 
by the ron-imaged region and the imaged region. 30 
[0112] The ink image on the printing plate 3' is trans- 
ferred to the blanket 18 from the printing plate 3' and 
then to a sheet ol printing paper supplied between the 
blanket 18 arxJ the pressure drum 19 in the direction of 
arrow B. 35 
[0113] After end of printing, ink remaining on the sur- 
face of the printing plate 3' is removed by the ink wash- 
ing section 1 7 and the printing plate 3' is demounted 
from the plale cylirxJer 1 5. Then the printing plate 3* is 
conveyed to the plate making device 1 by (he conveyor « 
means 24 for reuse. 

[0114] Ttiough. in the embodiments described above, 
the ink removing section 1 7 is provided on the printer 2. 
it may be provided on the plate making device 1 or may 
be provided separately from trath the plate matong « 
device and the printer 2. 

(01 1 5] Furlher though, in the first and second embod- 
iments, the plate material 3 is rerrxivably mounted on 
the exposure drum 4 and is transferred t>etween the 
plate making device 1 arxJ the printer 2. the plate nute- so 
rial 3 may be the plate cylinder itself and the plate cylin- 
der having a surface layer of the photo-thermal 
hydrophilidty convertible rnaterial rnay be removably 
mounted in both the plate making device I and the 
printer 2 so that an image is written on the plate material 53 
in the form of the plate cylinder removably mounted in 
the plate making device l in place of the exposure drum 
4 and then the plate material in the form of the plate cyl- 



inder is transfened to the printer 2 and mounted in place 
of the plate cylinder 15. 

[0116] Further though, in the first arxJ second embod- 
iments, the plate material 3 is wrapped around the 
exposure drum 4. the plate materia) 3 may be kept flat in 
a plate making device. 

[0117J A plate making device in accordance with a 
third embodiment ol Ihe present invention in which the 
plate material 3 is kept flat will be descrbed with refer - 
erx:e to Figure 5. hereinbdow. In Figure 5. the elements 
analogous to lliose in the first embodiments are given 
the same reference numerals artd will not be described 
in detail here. In the plate making device 1 of this 
embodiment, the ink washing section 1 7, which is pro- 
vided in the printer 2 in the first and second embodi- 
ments, is provided in the plate making device 1 . and the 
ink washing section 1 7. the active light exposure section 
S artd the thermal recording section 6 are arrar^ed in 
series. 

[0118] In Figure 5. the ink washing section 17 com- 
prises a pair of rollers 17A for wiping ink off arxJ a clean- 
ing solution supply section 17B which supplies a 
cleaning solution. The active light exposure section 6 is 
provided with a light source 5A for uniformly exposing 
the surface of the plate material 3. The thermal record- 
ing section 6 is provided with a thermal head 6A for writ- 
ing in heal mode an image on the surface of the plale 
material 3 

[0119] The operation of the third embodiment will be 
described hereinbelow. After printing, the printing plate 
3" is conveyed into the plate making device 1 as shown 
by anrow C in Figure 5. ar>d ink remaining on the surface 
of the printing plate 3' is removed by the ink washing 
section 1 7. Then active light is emitted from the active 
light exposure section 5 and the entire surface of the 
printing plate 3' is uniformly expoGed to the active tight. 
whereby the entire surface of the printing plate 3* includ- 
ing the imaged region, which has been lipophilic, is ren- 
dered hydrophilic and thus the printing plate 3' is 
recycled to a plate rnaterial 3. Thereafter an image is 
written in heat mode on the surface of the plate material 
3 at the thermal recording section 6. whereby a printing 
plate 3' bearing thereon a lipophilic imaged region and 
a hydrophilic non-imaged region is made. The printing 
plate 3' is supplied to the printer 2. 
[0120] Thus even if the plate material 3 is used kept 
flat, the printing plate 3' can be made only by uniformly 
exposing the surface of the plate material 3 to active 
light and writing an image in a heat mode without 
necessity of development. Further the printing plale 3' 
thus made is high in distinguishability between the 
imaged region and the non-imaged region, which 
ensures high sfiarpness of the printed image. Further 
since the printing plate 3' can be restored to the slate 
where it bears thereon no image by uniform exposure of 
the printing plate to active light after cleaned ol mk. the 
plate material 3 can be repeatedly used, whereby 
printed matter can be provided al low cost. 
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[0121] Though, m the third embodiment, the thermal 
recording head 6A is used for recordirig an image at the 
thermal reccxtJmg section 6. en infrared laser such as 
shown in Figure 3 may be employed in place ol the ther- 
mal head 6A 

{0122] A printing system in accordance with a fourth 
errtxxJiment of the present invention will be described 
with reference to Figure 6. hereinbelow. 
10123] As shown in Figure 6, the printing system of 
this emtxxjiment comprises four plate making units 1Y. 
IM. iC and IB. each equivalent to the plate making 
device 1 shown in Figure i . disposed in a housing txxJy 
32 in series and four printing units 2Y. 2M. 2C and 28. 
each equivalent to the printer 2 shown in Figure l . dis- 
posed in the housing body 32 respectively opposed to 
the plate making units 1Y.1M.1C and IB. The combina- 
tion of the plate making unit 1 Y and the printing unit 2Y 
i& tor printing by yellow ink. the combination of the plate 
making unit 1M and the printing unit 2M is for printing by 
magenta ink. the combination of the plate making unit 
IC and the printing unit 2C is for printing by cyan inK 
arxi the combination of the plate making unit 1 B and the 
priming unit 28 is tor printing by black ink. 
(0124] Since each ol the plate making units lY, IM. 
IC and 18 is the same as the plate making device 1 
shown in Figure i and each of the printing units 2Y. ZM. 
2C and 28 are the same as the printer 2 shown in Fig- 
ure 1. they will not be described here, in the printing 
system of this emtxxJimeni. images to be printed in yel- 
low, magenia. cyan and black are written on the plate 
materials in the respective plate making units lY, IM. 
1C and IB and yellow ink. magenta ink. cyan ink and 
blad^ ink are respectively cupplied to the printing plates 
in the respective printing units 2Y. 2M, 2C and 2B. 
[0125] The operation of the printing system of the 
fourth embodiment will be described, hereinbelow. 
[01 26] The entire surface of the plate niaterial 3 is first 
uniformly exposed to the active light arid an image to be 
printed in the corresponding color is written in heat 
mode on the surface of the plate material 3 in each of 
the plate making units lY. IM. IC and IB. Then the 
printing plates 3' are supplied to the respective printing 
units 2Y. 2M. 2C and 28. Thereafter ink of the respec- 
tive colors and fountain solution are supplied to the sur- 
face of the printing plates 3' from the respective 
ink/water supply sections, whereby kjuntain solution 
and ink are respectively held by the non -imaged regions 
and the imaged regions of the respective printing plates 
3", The ink images on the printing plates 3' are trans- 
ferred to a sheet of pointing paper in sequence supplied 
in the direction of arrow 0. That is. a yellow ink image is 
transferred to the sheet of printing paper in the printing 
unit 2Y. a magenia ink image is transferred to the sheet 
of printing paper in the printing unit 2M, a cyan ink 
image is transler red to the sheet of printing paper in the 
printing unit 2C. and a black ink image is transferred to 
the sheet ol printing paper in the printing unii 28. 
whereby a color mnage is printed on the sheet o( printing 



paper. 

[0127] Aher ervd of printing, ink remaining on the sur- r 
face of the printing plate 3' i& removed by the ink wash- 
ing section in each printing unit artd the printing plates 3' 
5 are conveyed to the respective plate n-iaking units for 
reuse. 

(0128J Though, in the fourth en*odiment. one plate 
making unit is provided for each printing unit, only a sin- 
gle plate making unit may be provided for all the printing 

10 units. In such a case, printing plates 3' for the printing 
units are made by the single plate makir>g unit in 
sequence and supplied to the respective printing units 
from the single plate making unit. After printing, all the 
printing plates 31 are returned to the single plate mak- 

15 ing unit. 

[01 29J Further though in the fourth emfcxDdiment. each 
of the plate making units lY. IM. IC and 1 B is equiva- 
lent to that shown in Figure 1 . the plate making units 
equivalent to tf^t shown in Figure 5 may be errployed. 
20 In this case, the printirig units need not be provided with 
the ink washing section. 

[0130] A printir>g system in accordance vrith a fifth ^ 
embodiment of the present invention will be described 
with reference to Figures 7 and 8. hereinbelow. 

^5 [0131] Figure 7 is a schematic view showing the 
arrangement of the printing system of the fifth embodi- 
ment and Figure 8 is an enlarged view of an irrportant 
part thereof. The printing system of this embodiment 
comprises a plate making device 33 equivalenl to the 

30 plate making device l shown in Rgure 1 provided in a 
housing body 33 and four printing stations 34Y, 34M. 
34C and 34B. each equivalent to the printer 2 shown in 
Figure 1. disposed in the housing body 33 around an 
impression cylinder 19. The printing stations 34Y, 34M. . 

35 34C arxl 34B are for printing in yellow, magenta, cyan 
and WacK respectively. 

[0132] Figure 8 shows the printing station 34Y. The 
other printing stations 34M, 34C and 34B are of the 
same structure as the printing station 34Y. As shown in 

40 Rgure 8. the printing station 34Y corrprises an 
inkMater supply section 16 which supplies ink and foun- 
tain solution on the surlace of the printing plate 3" 
mounted on a printing drum 15, an ink washing section 
17 which renwes ink on the printing plate 3' on the 

45 plate cylinder 15 after printing, a blanket 18 which is in 
conlact with the impression cylinder as an intermediate 
member tor transferring ink on the printing plate 3" to a 
sheet ol printing paper. 

[01 33] The operation of the printing stations 34 Y. 34M. 

so 34C and 348 are the same as that of the printer 2 
shown in Figure 1 and will not be described in detail 
here. In the fifth embodiment, images to be printed in 
the respective colors are written in heat mode on the 
surfaces of four plate materials 3 in sequence in the 

55 plate making device i. Thereafter ink of the respective 
colors and fountain solution are supplied to the surface 
of the printing plates 3 from the respective ink/water 
supply sections m the respeaive printing stations 34Y. 
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34M. 34C and 34B. 

(Ot 34) The operation of the printing system of the fifth 
embodiment will be described, hereinbelow. 
(0135] TTie surlaces of the plate materials 3 (or yellow, 
magenta, cyan and blad< images are uniformly exposed 
to active light in the plate making device 1 arxJ then the 
images to be Fainted in the respective colors are written 
in heal n-KxJe on the surfaces of four plate materials 3 in 
sequence by the thermal recording section. Then the 
printing plates 3' thus obtained are supplied to the 
respective printing stations 34 Y. 34M. 34C and 34B in 
sequence. Thereafter ink of the respective colors ard 
fountain solution are supplied to the surlace ol the prim- 
ing plates 3' from the respective inWWater supply sec- 
tions 16 of the respective printing stations 34 Y, 34M. 
34C and 34B, whereby fountain solution and ink are 
respectively held by the non-imaged regions and the 
imaged regions of the respective printing plates 3'. The 
ink images on the printing plates 3' are transferred to a 
sheet of printing paper in sequence supplied in the 
direction of arrow E in Figure 7. Thai is. a yellow ink 
image is transferred to the sheet of printing paper in the 
printing station 34Y. a magenta ink image is transferred 
to the sheet of printing paper in the printing station 34M. 
a cyan ink image is transferred to the sheet of printing 
paper in the printing station 34C. and a back ink image 
is transferred to the sheet ol printing paper in the pnnt- 
ir>g station 348. whereby a color image is printed on the 
sheet of printing paper. 

(0136J Alter end ol printing, ink remaining on the sur- 
face of the printing plate 3' is removed by the ink wash- 
ing section in each printirvg station and the printir^g 
plates 3' are conveyed to the plate making device 1 for 
reuse. 

[0137] TTiough in the printing system of the fifth 
embodiment, the printing plates 3' for all the printing sta- 
tions ere n^de by the single plate making device l. one 
plate making device may be provided for each printing 
section so that each plate making device makes the 
printing plate 3' for one printing station. 
{0138] Further though in the fifth embodiment, the 
plate making device 1 is equivalent to that shown in Fig- 
ure 1. (he plate makino device equivalent to that shown 
in Figure 5 may be. employed. In this case, the printing 
stations need not be provided with the ink washing sec- 
tion. 

[0139] Further though in the printing systems of the 
fourth and fifth embodiments, color printing is performed 
by use of four printing units 2Y. 2M. 2C and 2B or four 
printing stations 34Y. 34M. 34C and 34 B. it is possible to 
perform color printing by use of five or more printing 
units or stations. 

[0140] Further though, in the fourth and fifth embodi- 
ments, the plate n^terials 3 which are renx)vably 
mounted on the exposure drums 4 are translerred 
between the plate making devices 1 and the printing 
units or stations, the plate material 3 may be the plate 
cylinder themselves and the plale cylinders having a 



surface layer of the photo-thermal hydrophilidty con- 
vertible material may be removably mounted in both the 
plate making devices l and the printing units or the sta- 
tions so that an image is written on the plate material in 

5 the form ol the plate cylinder removably mounted in 
each ot the plate makng device 1 in place of the expo- 
sure drum 4 and then the plate material in the form of 
the plate cylinder is transferred to the printing units or 
stations and mounted in place of the plate cylinder 15. 

to (0H1] Further though, in the fourth and fifth embodi- 
ments described above, the ink renroving section is pro- 
vided on each print ing unit of station, it may be provided 
on the plate making device or unit or may be provided 
separately from tyoth the plate making d&^ice or unit and 

ts the printing unit or station. 

(0142J An offset pointer in accordance with a sixth 
embodiment of the present invention will be described 
with reference to Figure 9. hereinbelow. 
[01431 In Figure 9. an offset printer of this ernbodiment 

M comprises a printing drum 101 having a surface layer 
containing a photo-thermal hydrophifidty convertible 
material such as titanium oxide or zinc oxide as a major 
component, an active light exposure section 102 which 
uniformly exposes the substantially entire surface of the 

?5 plate cylinder 101 to active light, and a thermal record- 
ing section 105 lor writing an image in heat mode on the 
plate cylinder lOI which has been exposed to the active 
light, an ink/water supply section 103 which supplies ink 
and fountain solution on the surface of the plate cylinder 

30 101 on which the image has been written, an ink wash- 
ing section 1 04 which removes ink on the plate cylinder 
101 after printing, a blanket 105 as an intermediate 
member for transferring ink on the plate cylindor 101 to 
a sheet of printing paper an6 an impression cylinder 

35 1 07 which presses the sheet ol printing paper against 
the blar^et 106. These elements are disposed inside a 
printer housir>g 108. 

[0144] Tftani urn oxide and zinc oxide are preferable for 
forming the surlace layer of the plate cylinder 101. How- 
4a e^er titanium oxide is preferable to zinc oxide in view of 
sensitivity, i.e.. the photosensitivity in change of the 
nature of the surface. 

[0145] The surface layer contatnir>g therein titanium 
oxide or zinc oxide may be formed on the surface of the 

45 plale cylirxler 101 by any known method, for example, 
the following methods can be employed. (1) Coating the 
surface of the plate cylinder 101 with dispersion of fine 
crystals of titanium oxide or zinc oxide. (2) Coating the 
surface ol the plate cylinder 101 with dispersion of fine 

so crystals of titanium oxide or zinc oxide, and subse- 
quently firing the layer thus formed, thereby reducing or 
removing the binder. (3) depositing titanium oxide or 
zinc oxide on the surface of the plale cylinder 10 1 and 
(4) Coating organic compound ol titanium or zinc such 

55 as titanium txitoxide and forming a layer of titanium 
0*ide Of zinc oxide through fiydrolyzing or firing oxidiza- 
tion of the coating In this invention, a titanium oxide 
layer by vacuum deposition is especially preferable. 
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(01461 in me methods o( (i) and (2). line aystals of 
titanium oxide may be coaled, (or instance, by coating 
dispersion ol mixiure of litamum oxide and silicone 
oxide and forming a surface layer or by coating a mix- 
ture of titanium oxide and organopolysiloxane or its 
monomer. Further fine crystals of titanium oxide may be 
coated in the form o( dispersion in polymer binder which 
can coexist with the oxide. As the binder, various poly- 
mers dispersive to f ine particles of titanium oxide can be 
used. 

[0147] When carrying out vacuum deposition of tita- 
nium oxide in the method (4). a normal vacuum metal- 
lizer is evacuated to not higher than exp(-5) Torr and 
titanium oxide is heated by an electron beam under the 
condition of oxrygen gas pressure of exp(-l to -6) Torr. 
whereby titanium oxide is evaporated and forms film on 
the surface of the plate cylinder 101. 
[0148] When zinc oxide is used, zinc oxide film may be 
formed any known method. U is preferred to use a 
method where the surface ol a zinc plate is oxidized by 
electrolysis to form zinc oxide film or a method where 
zinc oxide film is formed by vacuum deposition. 
[0149] Deposited film ol zinc oxide may be formed by 
deposition ol zinc or zinc oxide under existence ot oxy- 
gen gas or by forming zinc film in an atmosphere with- 
out oxygen and subsequently oxidizing the zinc film by 
heating rt to 700* C in the air. Either ol titanium oxide 
film and zinc oxide film should be l to 1 0000 A in thick- 
ness and preferat>ly 10 to lOOOOA. In order to prevent 
strain due to interference of light, it is preferred that the 
film be not larger than 3000A. in thickness. In order to 
ensure satisfactory photo- activity, rt is preferred that the 
film be not emaller than 50A in thickness. 
[01501 The surface layer containing therein titanium 
oxide or zinc oxide generally should contain 30 to 100% 
by volume of titanium oxide or zinc oxide, and preferably 
not smaller than 50%. More preferably the suriace layer 
connprises a continuous layer titanium oxide or zinc 
oxide, thai is. contains 100% ol titanium oxide or zinc 
oxide. 

(0151) Doping with a certain kind of metal is some- 
times effective for enhancing the pheromenon that 
hydrophPiciry of the surface changes upon exposure to 
light 

[0152J When the volume fraction of titanium oxide or 
zinc oxide is small, sensitivity of change in hydrophil'icity 
ol the suriace layer deteriorates. Accordingly it is pre- 
ferred thai the surface layer contains titanium oxide or 
zinc oxide in at leasl 30%. 

[01531 The plate cylinder 101 may be of various male- 
rials and may be in various forms. For example, the 
plate cytirder 1 0 1 may comprise a base drum of various 
materials and a suriace layer of various photo-thermal 
hydrophilicity convertible materials such as titanium 
oxide, zinc oxide and the like formed on the suriace of 
the base drum in vanous ways such as those described 
above. Olherwtse a surface plate corrprising a base 
member and a surface layer ol a photo-thermal 



hydrophilicity converttt>le material formed on the base 
member may be fixedly wrapped around the base drum. 
The suriace can be made in the same manner as the 
aforesaid plate material described in conjunction with 
5 the first embodiment. 

(01 54) The plate cylinder 101 having a suriace layer of 
a photo-thermal hydrophilicity convertible material such 
as titanium oxide or zinc oxide is or igir«lty lipophilic and 
is ink receptive. However when exposed to active light. 
to the suriace of the plate cylinder 101 becomes 
hydrophilic arxi comes to repel ink When an image is 
written in heat mode, for example, by image-wise touch- 
ing a heater element lo the surface of the plate cylinder 
101 or by image-wnse exposing the same to light which 
T5 can be converted to heat energy, the in^ged region is 
rendered lipophilic and comes to receive ink. Then the 
plate cylinder 101 bearing thereon Vie image written in 
heat mode is brought into contact with offset printing 
ink, thereby forming a printing surface where the non- 
20 in^ged region retains fountain solution and the imaged 
region retains ink. When a prinbng medium is brought 
into contact with the printing suriace. the ink on the sur- 
face is transferred lo the printing medium, whereby 
prinbng is effeded. 
25 (01551 The active light exposure section 102 wilt be , 
described hereinbelow. 

(01 561 In the offset printer of this emtxxJiment. the sur- 
face of the plate cylinder 101 is uniformly exposed to 
active light prior to forming a lipophilic innage. The um- 

30 form exposure of the surtace to the active light may be 
effected in a suriace exposure system in which the 
entire area of the suriace is exposed at one time, in a slit 
exposure system in wNch the active light is projecled 
onto the surface through a nnoving slit, or in a beam 

3S scanning system in which the surface is two-dimension - 
ally scanned by a beam ot the active light. 
[0157) The thermal recording section 105 will be 
described, hereinbelow. 

(01 58] An image region is formed on the plate cylinder 

40 101. the entire surface of which has been rendered 
hydrophilic. by irrage-wise heating the surface of the 
plate cylinder 101 in the thermal recordir>0 section 105. 
The structure of the thermal recording section 105 may 
be the same as the thermal recording section described 

45 above in conjunction with the first embodiment. 

(01 591 After writing an image in heat mode on the sur- 
tace of the plate cylinder 101 which has been exposed 
to active light, the plate cytirvder 101 can be used for 
printing as it is without development. 

50 [01 601 Though the non-imaged region of the resulting 
printing drum 101 is suflicienlly rendered hydrophilic. 
the plate cylinder 101 may be subjected to. rf desired, 
post treatment by use of a rinse solution containing sur- 
factani. aqueous solution and the like and/or a grease 

55 insensitizing solution containing acacia gum and/or 
starch derivative. 

(0 1 6 1 1 For example, a llusher solution is coated on ihe 
surface of the plate cylinder 101 by wiping the suriace 



14 



27 



EP 0 911 154 Al 



26 



with sponge or absofbem wacWing soaked with the 
(tusher solution, by dipping the plale cylinder 10 1 in a 
vat filled with the Itushir^ agent or by use ol an auto- 
matic coater. It is preferred thai the thickness ol the 
coating ot the (lushing solution be uniformed by a 5 
squeegee roller, a squeegee blade or the like after coal- 
ing. The anxxjnl ol the coating ts generally 0.03 to 0.8 
g/rn^ (by dry weight). 

(0162J Thereafler ink and fountain solution are sup- 
plied to the Seated printing drum 101 from the ink/waler 10 
supply section 103 and lounlain solution and ink are 
respeaively held by the non-imaged region and the 
imaged region. The ink image on the plate cylirxler 10 1 
is transferred to the blanket 106 from the plate cyhrder 
lOl and trien to a sheet ol prirtting p>aper from the Ijlan- 15 
Ret 106. 

[0163] As can be understood Irom the description 
above, the offsel printer of this emlwdiment is advanta- 
geous over the conventional offset printer in various 
points. First it is simple to handle. Further chemical ?o 
processing using an alkaline developing solution is not 
necessary as well as wipirig. brushing and the like 
which are conventionally required, which prevents envi- 
ronmental pollution by discharge ol a developing solu- 
tion. ^3 
[0164] The ink washing section 104 will be described, 
hereinbelow. 

[0165] After end ol printing, the pjtaie cylirxJer 101 is 
cleared of ink at the ink washing section 104 This is 
done by washing out ink adherirtg to the plate cylinder 30 
101 by use of hydroprfiobic petroleum solvent. As such 
solvent aromatic hydrocarbons such as kerosir^e are 
commerdally available as a printing ink solvent Further 
benzol, toluol, xylol, acetone, methyl ethyl ketone and 
mixtures of iNs solvent may be used. 3S 
[0166] The plate cyfinder 101 which has been cleared 
off ink can be reused by another uniform exposure to 
active light unless it is exposed to a high tennperature. 
Though how many times the plate cyfinder 101 can be 
recycled has not been dear and rs considered to be lim- 40 
Ited by unremovable stain, practically unamendaWe 
blemishes on the surface and/or mechanical deforma- 
tion o( the plate cylinder 101. It can be recycled al least 
15 times. 

[0167] The operation of the oflset prints of this 45 
embodiment will be described, hereinbelow. 
10168] Active light is emitted from the active light expo- 
sure section 102 and the entire surface of the plate cyl- 
inder 101 is uniformfy exposed to the active light, 
whereby the entire surface of the plate cylinder 101 is so 
rendered hydrophilic Thereafter an image is wfitten in 
heat mode on the surface of the plale cylinder lOi at the 
thermal recording section 105. whereby the plate cylin- 
der 101 comes to bear thereon a lipophilic imaged 
region and a hydrophilic non-imaged region is made. 55 
Then inK and fountain solulion are supplied to the sur- 
face ol Ihe plale cylinder 101 from the ink/water supply 
section 103. whereby louniam solution and mk are 



respectively held by the non-imagBd region arx3 the 
imaged region. 

[0169] The ink image on the plate cylirxfer 101 is 
transferred to the blanket 106 from the plate cylinder 
101 arxl then to a sheet of printing paper supplied 
between the blanket 106 and the impression cyfirxjer 
1 07 in the direction of arrow A Figure 9. 
[01 70] After erxJ of printing, ink remaining on the sur- 
face of the plate cylinder 101 is removed by the ink 
renxfving section 104. By subsequent uniform exposure 
to active light the plate cylinder 101 is returned to the 
state prior to imaging in heat mode. 
[0171] As can be urxJerstood from the description 
above, in the offset printer of this embodiment, a print- 
ing surface can be made only by umtormfy exposing the 
surface of the plate cytirxJer 101 to active tight and writ- 
ing an image in a haat nvxfe thereon without necessity 
of development- Further the printir^ surface thus made 
is high in distinguishability between the imaged region 
and the non-imaged region, which ensures high sharp- 
ness of the printed image. Further since the plate cylin- 
der 101 can be restored to the state where it bears 
thereon no image by uniform exposure of the plate cyl- 
inder 101 to active ligfrt after deaned of ink. the plate 
cylinder 101 can be repeatedly used, whereby printed 
matter can be provided at low cost Further since the 
plate cylinder 10 1 need not be removed from the printer, 
there is no fear that foreign material such as dust 
adheres to the piate cylinder 101 when incorporating 
the printing plate in the printer as in the case of a con- 
ventional PS plate. 

[0172] Further in this embodiment, since the active 
light exposure section 102. the ink/water supply section 
103, the ink washing section 104 and the thermal 
recording section 105 are disposed arourxJ the plate 
cylinder 101. the uniform exposure, supply of ink arxJ 
fountain solution, ink washing Bnd the imaging in the 
heat mode can be effected only by rotating the plate cyl- 
inder 101 and accordingly the offset printer can be com- 
pact in size, whereby space can be saved. 
[0173] An offset printer in accordance with a seventh 
embodiment of the present bwention wilt be described 
with rela'ence to Figure 10. hereinbelow. As shown in 
Figure 10. the offset printer of this embodiment com- 
prises four printing units 1 1 1 Y. 1 1 1IVI. 11 IC and 1 1 IB. 
each equivalent to the offset printer shown in Rgure 9. 
disposed in a housing txxly 1 12 in series. The printing 
unit 1 1 1 Y is for printing by yellow ink. the printing unit 
11 IM is for printing by magenta inK the printing unit 
1 1 1C is for printing by cyan ink. and the printing unit 
1 1 1 B is for printing by black ink. 

[0174] SirTce each of the prirtting units illy. 1 1 1M. 
niC and 11 IB are the same as the offset printer 
shown in Figure 9. Ihey will not be desaibed here. In the 
offset printer of this embodiment, yellow ink. magenta 
ink, cyan ink and black ink are respectively supplied to 
the plate cylinder in the respective printing units 1 1 lY. 
11 ils/l. 1 nc and 1 iiB. 
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(0175) The operation ol the printing system ol the sev* 
enth emtxKltmeni will be described, heretnbelow. 
[0176] The entire surface oMhe plate cylinder 101 is 
first uniformly exposed to the active light arKl an image 
lo be printed in the corresponding color is written in heat 5 
mode on the surface of the plate cylinder 101 in each of 
the printing units 1 1 1 Y. 1 1 1 M. 1 1 1 C and 1 11 B. Thereaf- 
ter ink o( the respective colors and fountain solution are 
supplied to the surfaces of the plate cylirtders 101 from 
the fespective ink/waler supply sections in the respec- to 
tive printing units, whereby fountain solution and ink are 
respectively hekJ by the non-imaged regions arxJ the 
imaged regions of the respective plate cylinder 101. The 
ink images on the plate cylinders 101 are transferred to 
a sheet of printing paper in sequence supplied in the i5 
direction of arrow B. That is. a yellow ink image is trans- 
ferred to the sheet of printing paper in the printing unit 
1 1 1 Y. a magenta ink image is transferred to the sheet of 
printing paper in the printing unit 111M. a cyan ink 
image is transferred to the sheet of printing paper in the x 
printing unit 1 1 1 C. and a black ink image is transferred 
lo the sheet ol printing paper in the printing unit 1 1 IB. 
whereby a color image is printed on the sheet ol printing 
paper. 

(0177] After end of printing, ink rennaining on the sur- 25 
face of the plate cylinder 101 is removed by the ink 
washing section in each printing unit. By subsequent 
uniform exposure to active light, the plate cylinders 10 1 
are returned to the slate prior to imaging in heat nrode. 
(0178] An offset printer in accordance with an eighth 30 
embodiment of the present invention will be desaibed 
with reference to Figures 1 1 and 12. hereinbetow. 
(0179) Figure 1 1 is a schematic view showing the 
arrangement of the offset of the eighth embodiment and 
Figure 12 is an enlarged view of an innportant part 3S 
thereof. The offset printer of this en^odiment comprises 
four printing stations 11 4Y. 114M, 114Cand 114B. each 
equivalent to the offset printer shown in Figure 9, dis- 
posed in a housing body 115 around an impression cyl- 
inder 107. The printing stations 1 14Y. 1 14M. 1 14C and 4o 
114B are for printing In yellow, magenta, cyan and 
Wack. respectively. 

(0180] Figure 12 shows the pfintlng station 1 14Y. The 
other printing stations 1 14M. 11 4C and 11 48 are of the 
same structure as the printing station 1 1 4 Y. As shown in 45 
Figure 12. the printing station 1 14Y comprises a plate 
cylinder 101 having a surface layer containing a photo- 
thermal hydrophilidly convertible material such as-tita- 
nlum oxide or zinc oxide as a major component, an 
active light exposure section 102 which uniformly so 
exposes the substantially entire surface of the plate cyl- 
inder 101 to active light, and a thermal recording section 
105 for writing an image in heat mode on the plate cyl- 
inder 1 0 1 which has been exposed to the active light, an 
ink/water supply section 103 which supplies ink and 55 
fountain solution on the surlace of Ihe plate cylinder 10 1 
on which the image has been written, an ink washing 
section 104 which removes ink on the plate cylinder 1 0 1 



after printing, a tjlanket 106 as an intermediate member 
for transferring ink on the plate cylinder 10 1 to a sheet of 
printing paper arxJ an impression cylinder 107 which 
presses the sheet ol printing paper against the blanket 
106. 

[0181] The operation of the printing stations 114Y. 
114M. 114C and 1148 are the same as that of the 
printer shown in Figure 9 and will not be described in 
detail here. In the offset printer of this errtxxJiment, yel- 
low ink, magenta ink. cyan ink and black ink are respec- 
tively supplied lo the plate cylinders in the respective 
priming stations 1 14Y. 1 14f^^. 1 14Cand 1 148. 
(0182] The operation of Ihe printing system of the 
eighth embodiment will be described, hereinbelow. 
(0183] The enbre surface of the plate cylinder 101 is 
first uniformly exposed to the active light arxJ an Image 
to be printed in the corresporxling color is written in heat 
mode on the surlace of the plate cylinderlOl in each of 
the printing stations 114Y. 114M. 114C and 114B. 
Thereafter ink of the respective colors and fountain 
solution are supplied to the surfaces of the plate cylin- 
ders 101 from the respective ink/water supply sections 
in the respective printing stations, whereby fountain 
solution and ink are respectively held by the non- 
imaged regions and the imaged regions of the respec- 
tive plate cylinder 101. The ink images on the plate cyl- 
inders 101 are transferred to a sheet of printing paper in 
sequence supplied in the direction of arrow C in Figure 
1 2. That is. a yellow ink image is transferred to the sheet 
of printing paper in the printing station 1 1 4Y. a magenta 
ink image is transferred to the sheet of printing paper in 
the printing station 1 14M. a cyan ink image is trans- 
ferred to the Bheel of printing paper in the printing sta- 
tion 1 14C. and a black ink image is transferred to ttie 
sheet ol printing paper in the p>rinlir>g station 1140. 
whereby a color image is printed on the sheet of printing 
paper. 

[01 84] After end of printing, ink remaining on the sur- 
face of the plate cylinder 101 is removed by the ink 
washing section in each printing unit. By subsequent 
uniform exposure to active light, the plate cylinders 101 
are returned to the state prior to imaging in heat mode. 
[0185] Though in Ihe offset printers of the seventh and 
eighth embocfiments. color printing is performed by use 
of four printing units 1 11 Y. HIM. lllCand lllBorlour 
priming stations 1 1 4Y. 1141^. 114C and 1 14B. it is pos- 
sible to perform color printing by use of five or more 
priming units or stations. 

(01 86] Further though, in the sixth to eighth embodi- 
ments, the ink washing section 104. the mWwater sup- 
ply section 103 and the thermal recording section 105 
are arranged in this order in the clodwise direction from 
the active light exposure section, this sections may be 
arranged in any order. 

(0187] Further though, in the first to eighth embodi- 
ments, titanium oxide or zinc oxide Is used as the photo- 
thermal hydrophilidly convertible material, any other 
photo-thermal hydrophilioty convertitrfe material maybe 
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employed. 
Claims 

1 . A plate making device ccxnprising 

a ptate material which is removably provided 
and has a surface layer formed of film inctuding 
as its major component a material whose sur- 
face cfianges from a lipophilic state to a 
hydrophilic state by a photocatatytic reaction 
and returns to a lipophilic state when subse- 
quemly subjected to a heat treatment, 
an exposure means which uniformly exposes 
m4 substantially entire surface of the plate 
materia) to active light, and 
an image writing means which writes an image 
in a heat nxxJe on the surface of the plate 
material, which has been exposed to the active 



5. A plate making dence as defined in Claim 1 in 
which the image writing means comprises a laser. 

6. A plate making device as defined in Claim 1 in 
which the material whose surface cfianges from a 
lipophilic stale to a hydrophilic state by a photocal- 
alytic reaction and returns to a lipophilic state when 
sutjsequently subjected to a heat treatment is tita- 
nium oxide or zinc oxide. 

7. A plate making device as defined in Claim 1 furtfier 
comprising an ink removing means for removing ink 
remaining on the printing plate after printir>g. 

8. A printing system corrprising 

a plale making device defined in Claim 1 . 
at least one printing unit including a plate sup- 
port means on which a printing plate renxjved 
Irom the ptate making device is removably 
mounted and an ink supply means which sup- 
plies ink to the imaged region ol the printing 



plate, and 

an ink removing means for removing ink 
remaining on the printing plate after printing. 

5 9. A printing system as defined in Claim 8 in which the 
ink rerroving means is provided on the printing unit 

1 0. A printing system as defined in Oairn 8 in which the 
ink removing means is provided on the plate mak- 

to ing device. 

1 1. A printing system as defined in Claim 8 in which at 
least tour said priming units are provided. 

(5 1 2. An offset printer comprising 

a plate making section consisting of a ptate 
material which has a surface layer formed of 
film irxituding as its major connponent a mate- 
rial whose surface changes from a Ipophilic 
stale to a hydrophilic state tiy a photocatalytic 
reaction arxj returns to a lipophilic state when 
subsequently subjected to a heal treatment, an 
exposure means which uniformly exposes the 
substantially entire surface of the ^ate material 
to active tight, an image writing means which 
writes an image in a heat mode on the surface 
of the plate material which has been exposed 
to the active light, thereby making a printing 
plate, an ink supply means which supplies ink 
to the imaged region of the printing plate, and 
an ink removing means tor removing ink 
remaining on the Fainting plate after printing, 
and 

a transfer section which transfers ink on the 
imaged region of the printing plate to a printing 
medum. 

1 3. An offset printer as defined in Claim 1 2 In which the 
<o plate material is in the form of a plate cyttnder and 

the exposure means and the image writing means 
are disposed arourxJ the plate cyGrxler. 

1 4. An offset primer as defined in Claim 1 2 in which the 
*5 image writing means comprises a thermal record- 
ing head. 

1 5. An offset printer as defined in Claim 12 in which the 
image writing means conprises a laser. 

so 

IS. An offset printer as defined in Claim 12 in which at 
least four said plate making devices are provided. 

1 7. An offset printer as defined in Claim 1 2 in *vhich the 
55 material wtiose surface changes from a lipophilic 
slate to a hydrophilic stale by a photocatalytic reac- 
tion and returns to a lipophilic state when subse- 
quently subjeaed to a heal treatment is titanium 



light, and makes a printing plate. 

2. A plate n^ldng device as defined in Claim 1 in 
which the plale material is in the form of a flat palate 
which is removably mounted on the surface of a 
drum and the exposure means and the image writ- ?5 
ing means are disposed around the drum. 

3- A plate making device as de*ined in Claim 1 in 
which the plate material is in the form of a plate cyl- 
inder and the exposure means and the image writ- 3o 
ing means are disposed arourxj the plate cylinder. 

4. A plate maldng device as defined in Claim 1 in 
which the image writing means comprises a ther- 
mal recording head. 3S 
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